An Australian food composition database, AUSNUT1999, does not include long chain omega-3 polyunsaturated fatty acid (LC omega-3 PUFA) data. Measurement of the fatty acid content of diets initially analysed using AUSNUT1999 requires conversion to AUSNUT2007, an updated database inclusive of LC omega-3 PUFA. The aim of this study was to convert clinical trial dietary data from AUSNUT1999 to AUSNUT2007 and measure LC omega-3 PUFA intake. Clinical trial diet history (DH) data was converted from AUSNUT1999 to 2007 using a staged approach. Macronutrient intake from AUSNUT1999 and 2007 were calculated and compared via paired t-tests and Wilcoxon Signed Ranks tests. Mean dietary LC omega-3 PUFA intake and the percentage contribution of food groups to total LC omega-3 PUFA were then calculated. DHs were collected at baseline (n = 118), three months (n = 86), and 12 months (n = 64). The accuracy of the conversion process improved with time, with no significant difference between most macronutrients at 12 months. Mean LC n-3 PUFA intake was 441.87 mg at baseline, 521.07 mg at 3 months, and 442.40 mg at 12 months, and was predominantly provided by fish and seafood, followed by meat products. This study allowed for the measurement of LC omega-3 intake, which was previously impossible using the AUSNUT1999 database. Abstract: An Australian food composition database, AUSNUT1999, does not include long chain omega-3 polyunsaturated fatty acid (LC omega-3 PUFA) data. Measurement of the fatty acid content of diets initially analysed using AUSNUT1999 requires conversion to AUSNUT2007, an updated database inclusive of LC omega-3 PUFA. The aim of this study was to convert clinical trial dietary data from AUSNUT1999 to AUSNUT2007 and measure LC omega-3 PUFA intake. Clinical trial diet history (DH) data was converted from AUSNUT1999 to 2007 using a staged approach. Macronutrient intake from AUSNUT1999 and 2007 were calculated and compared via paired t-tests and Wilcoxon Signed Ranks tests. Mean dietary LC omega-3 PUFA intake and the percentage contribution of food groups to total LC omega-3 PUFA were then calculated. DHs were collected at baseline (n = 118), three months (n = 86), and 12 months (n = 64). The accuracy of the conversion process improved with time, with no significant difference between most macronutrients at 12 months. Mean LC n-3 PUFA intake was 441.87 mg at baseline, 521.07 mg at 3 months, and 442.40 mg at 12 months, and was predominantly provided by fish and seafood, followed by meat products. This study allowed for the measurement of LC omega-3 intake, which was previously impossible using the AUSNUT1999 database.
Introduction
Consumption of long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA) has been associated with a number of health benefits, including decreased risk of heart failure and stroke [1] [2] [3] [4] [5] , and thus is of interest from a public health perspective. However, measurement of dietary LC n-3 PUFA in the Australian context is problematic. The Australian Food and Nutrient Database (AUSNUT) 1999 is an Australian food composition survey database developed by Food Standards Australia and New Zealand (FSANZ) [6] . AUSNUT1999 is based on foods consumed in the 1995 National Nutrition Survey (NNS) [6] . AUSNUT1999 has been utilised in a number of Australian dietary studies with a public health focus [7] [8] [9] [10] [11] [12] , however it does not include data on individual fatty acids, including LC n-3 PUFA. Currently, researchers using AUSNUT1999 who wish to also calculate LC n-3 PUFA intake utilise a fatty acid database designed to compliment AUSNUT1999 data [13] . However, the range of foods included in this database is limited, necessitating inappropriate food substitutions in studies where a wide variety of different foods are reported. Furthermore, this database does not capture the wide range of fortified food products now available to the consumer.
Whilst alternate methods exist for the calculation of LC n-3 PUFA intake, these are unsuitable for use in the Australian dietary trial context. The United States Department of Agriculture (USDA) National Nutrient Database [14] includes LC n-3 PUFA data, however D DAVID PUBLISHING geographical differences in the fatty acid levels of meats mean that this database is not suitable for analysing Australian data [15] . European databases inclusive of LC n-3 PUFA data similarly pose such challenges as a result of regional differences affecting fish diet and aquaculture systems [16] . Furthermore, the national food composition database, NUTrient Data Table for Use in Australia (NUTTAB95) [17] , does not contain data on individual fatty acids. Whilst more recent releases of the NUTTAB databases provide data on individual fatty acids, they contain only generic food data, with no food composition data on branded food items resulting in difficulties in coding of data [18] . Conversely, as a survey database, AUSNUT1999 contains all data included in NUTTAB95, with the inclusion of a range of branded food items and additional food products reported by NNS participants, making it more appropriate for use in the dietary trial context. AUSNUT2007 [19] , a recently released database was developed to calculate nutrient intake in the National Children's Nutrition and Physical Activity Survey and included data on total LC n-3 PUFA, providing an alternate and more accurate method of calculating fatty acid intake. Measurement of the LC n-3 PUFA content of dietary intake data originally analysed using AUSNUT1999 can be achieved through the conversion of data to AUSNUT2007 [18] . To ensure accuracy and reliability, a repeatable conversion process based on a systematic approach was required.
In this study, data from a clinical trial [20] (ACTRN12608000425392, www.anzctr.org.au) was used to present a case study highlighting the importance of this database conversion. The 12 month randomised controlled trial aimed to examine the effect of increased LC n-3 PUFA intake on weight management, via supplements and dietary strategies such as increased fish and LC n-3 PUFA fortified foods. Due to database availability, all dietary intake data collected was initially analysed using AUSNUT1999, thus the database conversion was required to measure LC n-3 PUFA consumption using the AUSNUT2007. The aim of this study was to develop a defined strategy to convert dietary data from a 12 month clinical trial originally referencing the AUSNUT1999 to AUSNUT2007 and compare macronutrient intake as measured by each database. A secondary aim was to utilise the converted dietary data to estimate LC n-3 PUFA consumption in the trial.
Materials and Methods

Study Design
The 12 month randomised controlled trial was conducted between 2009-2010 by the BLINDED FOR REVIEW, a major coastal city 70 kilometres south of Sydney, Australia (ACTRN12608000425392, www.anzctr.org.au). Participants were randomly assigned to one of three groups: control, high dietary PUFA ("Fish"), and high dietary PUFA plus a daily LC n-3 PUFA supplement ("Fish+S"). All participants were placed on a 2 MJ deficit daily diet and were instructed to avoid high fat foods and choose low fat staple foods. Participants in both the "Fish" and "Fish+S" groups were instructed to consume 180 grams of fish per week, with an emphasis on consumption of fatty fish high in LC n-3 PUFA and were instructed to increase their LC n-3 PUFA intake via the consumption of LC n-3 PUFA fortified foods such as bread, eggs and dairy products. The inclusion criteria for this trial were: aged 18-60 years, BMI > 25 and < 37 kg/m², waist circumference > 94 cm for men, > 80 cm for women, generally well.
Ethical approval for the trial was granted by the University of Wollongong Human Research Ethics Committee. Written informed consent was provided by all participants.
Database Conversion and Measurement of LC n-3 PUFA Intake
Dietary intake information was collected by trained dietitians at baseline, three months and 12 months via a validated diet history [21] . Dietary data was initially entered into Foodworks (Version 5, Xyris Software, Highgate Hill, QLD, 2007), using the "AUSNUT1999 All Foods" and "AUSbrands 1999" databases [6] . The "AUSbrands 1999" database accompanies AUSNUT1999 and is inclusive of options for brand name food items, which have been matched to nutrient data from a corresponding generic food item. At the time of trial commencement, AUSNUT1999 was the most up-to-date survey specific food composition database available for use.
Conversion of nutrient data from AUSNUT1999 to AUSNUT2007 was undertaken systematically using a number of approaches (Fig. 1) . Initially, all direct food item matches were made using a matching file supplied by FSANZ. Food items which were listed as "Not Further Specified" (NFS) in the 1999 database were then matched to those listed as "Not Specified" (NS) in the 2007 version.
Brand food items were matched using an additional matching file provided by FSANZ. Where exact brand names were present in the file, AUSNUT1999 foods were matched to their AUSNUT2007 counterparts. For food items where the specific brand name could not be found, or where some confusion existed, but was unlikely to alter the outcome (for example Bakers Delight Country Grain Block rather than Bakers Delight Country Grain Loaf), professional judgement was used to locate the closest substitution from the AUSNUT2007 matching file. These matches were then confirmed with the study team which consisted of five Accredited Practising Dietitians. Finally, for food items where no similar brands were available in the brand matching file (for example branded cheese and chocolate items), generic food items which were deemed to be closest from a conceptual and nutritional perspective were used via the AUSNUT2007 matching file and confirmed with the team.
Individual food items were then matched to suitable AUSNUT2007 alternatives based on conceptual and nutritional similarities (for example "Beef Mince Stew in Tom-Base Sauce from Basic Ingredients" was matched to "Beef, bolognaise pasta sauce, mince, tomato & olive oil, homemade"). Conceptual similarities were prioritised to ensure the same form of food was chosen. Where an appropriate match for a food from the AUSNUT1999 database could not be found, a "composite food" was created. Each composite food was made up of a number of constituent AUSNUT2007 food items, which were chosen to reflect the range of potential foods or cooking methods that could be included in a single AUSNUT1999 food item (for example, a composite food designed to match the AUSNUT1999 food item "Beef, Steak, NS Cut, Grilled/Bbq, Lean & Fat" would include a range of different beef cuts, including sirloin and rump as those most commonly consumed). Choice of the cuts of meat products used was guided by advice from relevant industry bodies. As no recent consumption data was available at the time of the present study, all foods included were weighted evenly. Care was taken to ensure that the composite food and its constituent AUSNUT2007 food items matched the original AUSNUT1999 food from both a conceptual and nutrient perspective.
Finally, recipes created using the AUSNUT1999 database were converted to consist of AUSNUT2007 foods. This was a standardised procedure which involved matching individual ingredients and portion sizes. The converted recipes were then checked to ensure their nutrient profile was similar to the original.
Statistical Analysis
Data was analysed using SPSS (version 17.0, SPSS Chicago, IL, 2008). Normality of the data was\determined using the Shapiro-Wilks test. Mean and standard deviation of energy and macronutrients including: energy, protein, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, carbohydrate and fibre were calculated for both the original and converted diet histories at all time points to examine the comparability of the converted database. The difference between the original and converted diet histories was then measured using paired samples t-tests and Wilcoxon signed ranks test.
The change in LC n-3 PUFA intake over the duration of the trial was determined using the Friedman test. Where significant differences were noted, post-hoc tests with Bonferroni adjustments were run to investigate the source of the variation.
Results and Discussion
Results
Data on diet histories was available for this analysis from n = 118 participants at baseline, n = 86 at three months, and n = 64 at 12 months. Missing data was the result of study dropouts, however as this was a secondary analysis of a randomised controlled trial, data analysis was performed on the subset of data available. Foods were matched using a number of approaches at each time point (Table 1) .
At baseline, all macronutrients measured in the AUSNUT2007 converted diet histories were significantly different to the original AUSNUT1999 diet histories (Table 2) . At three months, fat subtypes in the converted diet histories were not significantly different from the original diet histories, whilst the other macronutrients measured were significantly different between the original and converted diet histories. By twelve months, protein and fibre were the only macronutrients that were significantly different between the original and converted diet histories.
Mean ± SD LC n-3 PUFA intake was 441.87 mg ± 424.81 at baseline, 521.07 mg ± 492.36 at three months, and 442.40 mg ± 300.14 at 12 months. Friedman test indicated a change in LC n-3 PUFA intake over the duration of the study (P = 0.047), but after performing post-hoc tests with Bonferroni adjustment this change was no longer significant.
Discussion
This is the first known study to convert Australian dietary intake data from AUSNUT1999 to 2007 via a systematic approach and illustrate its practical use. This process allowed for the measurement of the LC n-3 PUFA content of the diet, which was previously impossible in earlier versions of Australian nutrient databases. Given the wide-spread use of AUSNUT1999 in public health literature [7] [8] [9] [10] [11] [12] , this conversion process could be of use to many Australian researchers to measure fatty acid intake in previously collected data. Furthermore, the methodologies developed in this study could also be adapted to be applicable to other nutrients now available in updated food composition databases. The database conversion undertaken in this study provides an alternative to previous strategies of measuring the LC n-3 PUFA content of the diet, such as the fatty acid database developed by Mann et al. [13] . Whilst this database could also be used to calculate the LC n-3 PUFA content of dietary data originally analysed using AUSNUT1999, the limited range of foods included means it is not viable as a method for measuring LC n-3 PUFA intake from open-ended diet histories, which typically contain a wide variety of different foods [22] . The current database conversion overcomes this problem by matching all foods systematically.
The accuracy of the conversion process appeared to be highest at the 12 month time point of the clinical trial. Whilst several significant differences were noted between the original and converted diet histories at baseline, there were no significant differences in the values for energy, saturated fat, polyunsaturated fat, monounsaturated fat and carbohydrate at twelve months (Table 2 ). This is likely to be the result of increased dietitian experience during the progression of the clinical trial. Analysis of diet histories entered at baseline suggests that generic food options were often used (for example, "meat, cooked, nfs"), introducing more room for error whilst matching these foods to AUSNUT2007 alternatives. In comparison, at the twelve month time point, more specific food items were used, thus making it more likely that a suitable alternative was chosen via professional judgement for the database conversion.
The results of the database conversion also provide insight into the implementation of the conversion process. Fat subtypes appeared to be the closest matched macronutrients, with no significant differences noted between the original and converted databases at three and twelve months ( Table 2 ). This reflects the purpose of the conversion process, as the current clinical trial focused on fat consumption, meaning that emphasis was placed on ensuring that matches made using professional judgement were closest in fat sub-categories. Conversely macronutrients such as protein and fibre were significantly different at all time points, suggesting that the current approach may not be optimal for researchers attempting to measure these nutrients as a primary outcome.
The practical implementation of the database conversion process was highlighted in the measurement of LC n-3 PUFA consumption in this study. Mean LC n-3 PUFA intake was highest at the three month time point; although a wide range in LC n-3 PUFA consumption was seen. The mean intake of LC n-3 PUFA at all time points in the present study was higher than that measured in a representative national survey conducted in 1995 [15] . Using the previously discussed fatty acid database, Howe et al. [15] analysed the results of the 1995 National Nutrition Survey (NNS) and found a mean consumption of 246 ± SEM 5 mg/day for adults. This difference may be due to the current study participants being volunteers for a dietetic intervention, thus their eating habits may not be indicative of the general population. Furthermore, the differences in study results may be due to changes in eating habits in the 15 years between the NNS and the current study. Given that recommendations for increased fish consumption have been released during this time period [23] , eating habits may have changed to reflect this. However as there have been no population wide Australian dietary surveys since the NNS, this cannot be confirmed.
Whilst the database conversion outlined in this study was based on a systematic approach, many of the choices were based on subjective professional judgement, which could be considered a limitation of this research. However, all decisions were confirmed with the study team of research dietitians before being finalised, which decreases the risk of bias. An additional limitation is the variety of foods available in the AUSNUT2007 database, which was developed to calculate nutrient intake from the 'Kids Eat Kids Play' survey of Australian children. As a result of this, categories of some foods not regularly consumed by children, for example alcohol, are limited, and thus finding an appropriate match for such AUSNUT1999 foods is problematic.
Conclusion
Conversion of dietary trial data from AUSNUT1999 to AUSNUT2007 databases via a systematic approach was found to result in comparable macronutrient values, particularly at the 12 month time point. At the 12 months, there were no significant differences between the original and converted databases in measures of total energy, total fat, saturated fat, PUFA, MUFA and carbohydrate. Implementation of this database conversion allowed for the measurement of LC n-3 PUFA over the duration of a dietary trial and in a wider range of food items than previously available databases. Mean ± SD LC n-3 PUFA intake was 441.87 mg ± 424.81 at baseline, 521.07 mg ± 492.36 at three months, and 442.40 mg ± 300.14 at 12 months. This methodology could be adapted in other Australian studies to allow for the measurement of LC n-3 PUFA intake or other nutrients in previously collected data.
